Power law, lognormal, and Weibull distributions have previously been used to describe Greenlandic and 4 Antarctic iceberg size distributions (e.g. Savage and others, 2000; Tournadre and others, 2012; Enderlin and 5 others, 2016; Kirkham and others, 2017; Sulak and others, 2017). The application of different statistical 6 models to describe iceberg size distributions suggests that the physics of iceberg decay plays an important 7 role in determining the size distribution of ice pieces (Savage, 2001), particularly when time and distance 8 from the parent glacier and/or parent iceberg are considered. For example, a recent analysis by Kirkham and 9 others (2017) suggests that at the time of calving icebergs follow a power law distribution which transitions to 10 a lognormal distribution with distance from the calving location as different and increasingly fewer physical 11 processes dominate the decay process.
and smooths the inflection point, but the shape and slope of the curve are still influenced by the number of 23 bins used. Alternatively, a complimentary cumulative density function (CCDF, Fig. S1c ) provides a means 24 of objectively fitting a size distribution without the need for determining ideal bin sizes (Alstott and others, 25 2014). This approach is commonly taken in available computational libraries designed for testing power law 26 and other similar heavy-tailed distributions and is the method used here. 27 The large number of methods employed in the literature for fitting iceberg size distributions suggests 28 the non-trivial nature of fitting empirical distributions to natural phenomenon. Unfortunately, it is all too 29 common that the preferred model used to fit size distributions is chosen based primarily on a qualitative 30 inspection of the data rather than robust statistical methods (Clauset and others, 2009 ). In the case of 31 supposed power law distributions, the fitted parameters are often computed using a least squares fit to 32 the data in log-log space, alternative distributions are not rigorously evaluated, and the statistical validity 33 of the model for describing the dataset is not tested (Clauset and others, 2009 ). However, the limitations 34 imposed by statistical rigor have the potential to effectively eliminate large portions of a measured dataset, 35 in turn making it difficult to characterize a natural system and suggesting that a compromise between pure 36 and applied mathematics is necessary to describe the stochasticity of natural phenomena in a consistent 37 framework.
38
As a starting point to determine the best fit models to describe our data, we used the poweRlaw package 39 (Gillespie, 2015) for the open-source statistical software R (R Core Team, 2018). The package contains 40 easy-to-implement methods for testing power law, lognormal, and exponential fits of the form: Figure S1 and Table S1. In this example case and for one 50 other case tested (not shown), the exponential curve showed a visually poor fit to the data and exhibited 51 very high x min values with associated poor goodness of fit values for the x min estimation. When compared to 52 other models, the non-exponential models had a statistically significant better fit. As a result, the exponential 53 model was not considered further as a potential distribution for the iceberg size distribution data.
54
A key step that drives the rest of the analysis for fitting a model distribution to any dataset begins with 55 the determination of x min values for each model. x min is determined using the KS statistic as detailed in values recommended by the software for the example size distribution are an order of magnitude larger, 61 though they are similar for both the power law and lognormal models. In order to compare two distributions, 62 they must have equivalent x min values. Thus, we compared the power law and lognormal models using both 63
x min values, and in both cases the p value was >0.1, suggesting we cannot reject the null hypothesis that one fitted to the data provides qualitative confirmation that the distribution could readily be described by either 68 model. Acknowledging that neither model necessarily provides a better fit to the data but in pursuit of a 69 quantitative description of the shape of the iceberg size distribution curve, we ran a bootstrapping procedure 70 with 1000 iterations using the power law model to determine the statistical significance of a power law fit and 71 the uncertainty on the parameter estimate. The results of this bootstrapping suggest that a power law fit to 72 the data is statistically significant (p=0.181>0.1). The fitted parameter (α), which is the slope of the power 73 law fit, has a value of 2.58 ± 0.10. This value is notably larger than previously estimated values (Enderlin suitable distribution, especially to capture the tail portions of the size distribution curve, which includes 95 the comparatively rare but largest icebergs present in many regions. An alternative approach to fitting one 96 model to the data would be to apply breakpoint regression or a related statistical technique that iteratively tests different models on portions of the data to determine a series of breakpoints within the dataset and 98 fit the most appropriate model to each section of the data. Determining a more robust way to statistically 99 model iceberg size distributions represents an important avenue for future work but is beyond the scope of 100 this investigation.
